While the present tendency may be towards a more dynamic test for thyroid function, there is still a very definite place for the various in-vitro methods. The relative merits of serum protein-bound iodine estimations and total T4 estimations have been dealt with in the previous paper (Clark, 1975) . The intention here is to deal with the various methods for the latter test and to indicate their usefulness and value. Similar information concerning serum uptake tests will also be discussed. While most emphasis will be laid on those tests available in kit form which can be carried out either in large numbers by mechanized means or in small batches only occasionally, mention must be made of the earlier work in this field.
There are a number of factors that must be considered before a decision is taken as to which test will be introduced into use in a laboratory. The number of tests required and the frequency of carrying out the tests will influence the decision, especially as far as the degree of work simplification or mechanization is concerned. Other factors to be considered are the range of technical expertise available, the necessity for handling and dispensing radioactive material, and the degree of quality control available both in the preparation of reagents and in the performance of the tests to ensure standard and reproducible conditions. Another very important, if not the most important, consideration is the validity of the result as a measure of thyroid status and hence its value to the clinician both in diagnosis and control of therapy. While considerable attention must be paid to these various factors, sight must not be lost of the economic factors which must include the purchase price of reagents or kits, the time spent by the operators, the grade of staff employed, and thecapital cost and effective utilization of the equipment.
The ever-increasing financial burden resulting from the introduction of more sophisticated techniques, which so often require expensive equipment, must be borne in mind, especially when such techniques are applied to an ever-widening section of the population. The need for rapid, reliable, and readily performed techniques, which can be mechanized if possible, to provide satisfactory utilization of both expensive equipment and increasingly expensive manpower, may very well influence the decision, and in fact may be the deciding factor if all other things are equal.
With these considerations in mind the methods available for thyroxine (T4) assay will be discussed.
Serum T4 Methods
A number of different separative techniques have been employed in attempts to obtain a specific estimation of thyroxine in serum. Among these must be mentioned butanol extraction, column and paper chromatography, electrophoresis, and dialysis. As most of these methods are not adaptable for either the small laboratory or for screening purposes, they will only be mentioned briefly here.
The procedure of butanol extraction was introduced by Man, Kydd, and Peters (1951) . While in certain cases it increases the specificity of hormonal iodine estimation, it is still open to the criticism that nearly all the exogenous organic iodidecontaining substances likely to be encountered can still adversely affect the results. Technically, it is not one of the easiest tests to perform and hence could not be considered as a screening test or as a test to be carried out on large numbers of specimens.
The use of column chromatography for the separation of thyroxine, initially described by Gross and Pitt-Rivers (1952) who used keiselguhr, has been modified by a number of workers. Scott and Reilly (1954) used anion exchange resins, and Blanquet, Meyniel, and Saviol (1960) used both Dowex 1 and Dowex 50. While these techniques, and those using dialysis (Thorson, Wilkins, Schaffrin, Morrison, and MacIntosh, 1972) whereas the others, Thyopac-4 and Res-O-Mat, do not and the alcoholic extract itself is used after the removal of the denatured protein by centrifugation.5 Of course, it is essential to determine the extraction efficiency when such a step is included unless, of course, the standard is subjected to the same procedure. This is the case with Thyopac-4 where two standards of desiccated sera of known thyroxine concentrations are provided. With the other two kits, the extraction efficiency is determined as a separate procedure which is repeated at frequent intervals to ensure that standard conditions prevail and to allow correction of the results determined. This adds to the complexity of the test and the application of a further correction factor, suggested by the manufacturers of the Res-O-Mat kit if the extraction efficiency factor does not come within a set range, could lead to complications. It could well be that some factor, perhaps in the serum used, was contributing to the poor extraction and this was not standard throughout all the tests. With Tetralute an extraction procedure is not necessary as the adsorption of T4 is effected by the Sephadex in the strongly alkaline conditions and the protein standards included in the procedure will allow for any alteration in adsorptive efficiency.
Radioactive tracer is not included in two of the tests, namely, Tetralute and Tetrasorb, and must be added separately, but it is only in the latter that there is a need to use a means of pipetting as in the former the use of a dropper bottle is suggested. However, greater precision is obtained if a more accurate means of measuring is used. The other two kits provide vials with predispensed quantities of tracer although in these cases it is necessary to measure known aliquots of the same material at a later stage before counting is carried out. Tetralute, on the other hand, while requiring the addition of tracer from a dropper bottle or pipette, has no further stage involving the volumetric measurement of radioactive material and this is a great advantage.
A further consideration is the need for strict control both of temperature during the procedure and of time of equilibration. Both of the resin kits are temperature-sensitive and an indication of the effect of temperature alterations in the Tetrasorb 125I kit is shown in figure 1 . The effects of temperature are less upon the Sephadex-containing methods and, as long as the temperature does not vary by more than a degree or two, little or none is detectable.
It is obvious from the figure that there is consider- The resin uptake test is very similar to that of the red cell uptake test but, in this case, serum is used instead of whole blood. The triiodothyronine used was initially labelled with 1311 but more recent work has utilized the 1251 label. Labelled T3 is added to serum and, after an incubation period, the T3 not bound by the TBG is absorbed onto an ion-exchange resin. There are a number of advantages of this type of method, not least of which is the replacement of whole blood by serum which can be transported and stored very much better; care must be taken to ensure that no red cells remain in the sera as these would affect the uptake of T3. There is a problem that any free labelled inorganic iodide, which tends to be a contaminant of most of the labelled thyroid hormones (especially with the 131I label), is strongly bound by the resin. Any variation in the degree of the radio-iodide contamination can lead to variations in the percentage uptake of the label by the resin. This effect can be minimized by employing a control standard serum with each batch of estimations and expressing the result in a percentage of the control value. As the use of heparinized plasma may lead to anomalous results, only serum should be used for the estimation.
Proof of the fact that the resin uptake method gives a measure of free TBG capacity was provided in 1965 by the work of Goolden, Gartside, and Osorio who showed a very close correlation between red cell and resin uptake of 131IT3. This correlation was demonstrated using 131IT3 and the resin sponge used in the Triosorbl kit, and has been confirmed since by other workers. They showed that the rate at which 131IT3 is taken up by the resin increases with the concentration of the thyroxine present in the serum. They concluded that the red cell method measures the final equilibrium between the red cells and the plasma proteins whereas the resin method is really a measure of the speed with which T3 becomes irreversibly bound to the resin.
When one considers the nature of the linkages between the resin and T3 this is not unexpected. As a result the duration of the incubation with resin is very important. They also showed that the resin uptake test is sensitive to temperature changes and that there is an increase in the uptake of 131IT3 by the resin as the incubation temperature rises.
The introduction of the use of Sephadex in 1966 marked a considerable step forward as the uptake of inorganic iodine by this is minimal and one of the major objections to the use of this type of test was overcome. The more ready availability of the 1251 label did much to make this problem of inorganic iodide contamination less important as the degree of contamination of this label was much less than that of 1311.
The four kits most widely used at present are Triosorbl, Res-O-Mat T32, Thiopac-33, and Trilute4. The first two kits use ion-exchange resins as described previously for the T4 kits, whereas both Thiopac-3 and Trilute use Sephadex. The separate addition of radioactive tracer is required in both the Triosorb and Trilute tests and, while the use of a dropper bottle is suggested in the latter, greater precision is obtained if a pipette is used. The radioactive tracer is predispensed in the other two kits but as it must be sampled at a later stage there is nothing to choose between the kits in respect of pipetting. IThe resin kits are both temperature and time dependent (Goolden et al, 1965) In a large department where many tests are being carried out, the economic advantage of the use of kits is not so obvious, especially as the adsorbent can be dispensed automatically, accurately, and relatively cheaply, and as the dispensing of 125IT3 does not present any difficulty. However, except where very large numbers of tests are to be carried out there is really little to be gained by not using test kit methods, apart of course from personal satisfaction.
Perhaps it should be mentioned at this point that the washing of the resin sponge required in the Triosorb method could be considered a disadvantage when handling large numbers of specimens.
Calculation and Presentation of Results
It is essential to have a clear understanding of the method of presentation of results as this is by no means uniform for the various serum uptake test methods. It is unfortunate that a standard method has not been adhered to in this respect as the present system can cause misunderstanding. The various methods of reporting serum uptake results are shown in table III. It should be noted that the red cell method used initially was reported as the percentage of the activity that was bound to the red cells, and many of the original resin methods used a similar system. Subsequently Clark (1963) introduced a fraction calculated from the resin uptake ratio where the results were expressed as the ratio of the resin uptake for the test specimens to the uptake for a control pool of normal sera.
Both the Triosorb and Trilute results are expressed as percentage uptake by the adsorbent whereas the Thiopac-3 and Res-O-Mat values are based on the ratio of activity bound by the patient's own serum proteins to that bound by the pool of normal human serum, the former being expressed as a percentage and the latter as a fraction (with a correction factor for each batch of control serum The product of protein-bound iodine and the serum resin uptake ratio was proposed as the 'free thyroxine index" (Clark and Horn, 1965) 
